How might a cell modulate the signals it receives from other cells and from the environment, so that it would not get too wound up or even signaled to death? It uses negative feedback regulation, as any sensible machinery would. Given that two very basic ways of signaling are to raise the free Ca 2ϩ concentration inside the cell ([Ca 2ϩ ] i ) and to alter the electrical potential across the cell membrane, it is no wonder that the large-conductance voltage-and Ca 2ϩ -dependent K ϩ (MaxiK) channels, which are negative feedback regulators for these signaling processes, are so prevalent in our nerves, muscles, secretory glands, and other eukaryotes, including protozoa (1) . In this issue, Meera et al. (21) give us new insight into the molecular mechanisms through which the MaxiK channels respond to Ca 2ϩ and membrane potential and thereby enhance our understanding of the control of electrical signaling.
How do MaxiK channels exert negative feedback regulation and modulate the electrical signals and͞or the Ca 2ϩ concentration? Electrical signals are excitatory if they tend to make the membrane potential (the electrical potential inside the cell minus the electrical potential outside the cell, typically at Ϫ60 mV when the cell is at rest) more positive (i.e., if they cause depolarization), because they increase the likelihood that the cell will fire an action potential that would bring the membrane potential close to the Na ϩ equilibrium potential (typically at ϩ50 mV, because of the much higher Na Since the first discovery of K ϩ channels that are sensitive to cytosolic Ca 2ϩ by Meech in 1974 (2), two major classes of Ca 2ϩ -dependent K ϩ channels have been found: those that are also voltage-dependent (e.g., MaxiK) and those that are not (e.g., Ca 2ϩ -dependent K ϩ channels with small conductance or intermediate conductance) (1) . The gene encoding the MaxiK ␣ subunit (the subunit that probably lines the channel pore) was first identified in the fruit fly Drosophila melanosgaster; because flies mutant for this gene can barely fly at room temperature and become even more uncoordinated when they are warmed up, this gene is named slowpoke (slo) (3). Under ether anesthesia, slowpoke mutants shake their legs (3), and thus resemble Shaker mutants. Consistent with this phenotypic similarity, the voltage-dependent K ϩ channels encoded by Shaker and the voltage-and Ca 2ϩ -dependent K ϩ channels encoded by slowpoke are both found in the motor nerves that innervate the muscle (4, 5) . The behavioral abnormalities exhibited by flies mutant for Shaker or slowpoke indicate that these different K ϩ channels serve similar but not redundant functions. Besides modulation of neuronal excitability, MaxiK channels are known to regulate arterial tone and hence the blood pressure (6), control gastrointestinal motility (7), and modulate uterine contractility (8) .
How concentration results in a left shift of the voltage dependence curve, so that at a given voltage the channels are more active at higher Ca 2ϩ concentrations (9, 10) (Fig. 1) . The Ca 2ϩ -dependence of MaxiK channels can be further regulated by the presence or absence of ␤ subunits. These ␤ subunits are found in MaxiK channels from trachea, arota, and probably gastrointestinal and uterine smooth muscles (11) (12) (13) . In contrast, the brain expresses high levels of the MaxiK ␣ subunits but low or undetectable levels of the ␤ subunit (14) . The way the ␤ subunits regulate the Ca release from the internal store (16), may be sufficient to activate the smooth muscle MaxiK channels that contain ␤ subunits, whereas a concurrent depolarization and elevation of Ca 2ϩ concentration may be necessary to activate the neuronal MaxiK channels that lack ␤ subunits. Thus the functional properties of MaxiK channels can be tailored for the specific physiological requirements of a cell not only by controlling the expression of different splice variants of the ␣ subunit (17, 18) but also by regulating the ␤ subunit expression (11) (12) (13) (14) .
What are the molecular machineries that mediate voltage and Ca 2ϩ regulation of MaxiK channels? The MaxiK channel ␣ subunits belong to the same superfamily as do voltagedependent K ϩ channel ␣ subunits (17, 18) . It therefore seems likely that the voltage dependence of MaxiK channels is at least in part mediated by the basic residue-studded S4 segment which, as an intrinsic voltage sensor, may be propelled by depolarization and move halfway across the membrane (19) , thereby causing further conformation changes that lead to channel opening. Compared with the voltage-dependent K ϩ channel ␣ subunits, which contain six transmembrane segments (S1-S6), the MaxiK channel ␣ subunits have a much larger C-terminal region, which includes four additional segments (S7-S10) that contain predominantly hydrophobic residues. The ''tail'' domain that encompasses the S9 and S10 segments can be expressed separately from the rest of the ␣ subunit (the ''core'') that contains the voltage sensor and the pore-lining structures, and still confer Ca 2ϩ sensitivity to the channel formed by the split ␣ subunits (20) . The Ca 2ϩ dependence of the MaxiK channel is affected not only by the tail domain of the ␣ subunit but also by the ␤ subunit, which contains two transmembrane segments (11) (12) (13) (14) (15) .
How might these molecular machineries interact with one another, so as to allow the MaxiK channel to display different voltage dependence at different Ca 2ϩ concentrations in a manner that depends on the presence or absence of the ␤ subunit? Meera, Wallner, Song, and Toro (21) address this question in this issue of the Proceedings by deciphering the interactions between the tail and the core, and between the ␤ subunit and the ␣ subunit. Their studies indicate that the MaxiK channel ␣ subunit has an additional transmembrane segment (S0) at the N terminus. The S0 segment is followed by transmembrane segments S1-S6 that are homologous to the S1-S6 segments of voltage-dependent K ϩ channels, and a large cytoplasmic C-terminal domain including S7-S10 (Fig. 2) . Moreover, the tail expressed in one Xenopus oocyte and the core expressed in another oocyte can work together to reconstitute a voltage-and Ca 2ϩ -dependent K ϩ channel, if a membrane patch from the oocyte expressing the core is crammed into the oocyte expressing the tail (21). Thus, not only is covalent linkage between the core and the tail not necessary for channel function, these two domains can be synthesized and folded independently, and they still will associate with each other within minutes to form function channels. This action provides one more example for the rather universal gating mechanism, which uses a cytoplasmic gate to transduce signals from within the cell to a channel in the membrane (22) .
Remarkably, the MaxiK channel continues to exhibit left shifts as the Ca 2ϩ concentration is raised from a few hundred nM to a few mM (15, 21) . Just how this cytoplasmic gate, the tail of the ␣ subunit, conveys the quantitative signal regarding [Ca 2ϩ ] i to the voltage-gating machinery is a fascinating question for future investigation. Whichever way this signal is achieved, this Ca 2ϩ gating can be further amplified by the ␤ subunit ( Fig. 1 ), which appears to interact with the extracellular N terminus and the S0 segment of the ␣ subunit (23) (Fig.  2) . Conceivably, the tetrameric channel has multiple Ca 2ϩ binding sites, probably in the C-terminal cytoplasmic domain of the ␣ subunits. For a homomeric channel to be sensitive to Ca the activated channel conformation could be further enhanced by the interaction between the ␣ subunit and the ␤ subunit, so as to exaggerate the left shift.
